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ABSTRACT
The perceived color balance of a photographic image as
a function of its surrounds was investigated. Four images
and three surrounds were used in all of their possible com
binations. An image was projected onto a screen by means of
a slide projector. A colored surround was projected by a second
projector so that it encompassed the image. Five observers
were asked to
"correct"
each image viewed within each surround
to what he considered the most pleasing color balance. They
did this by means of a three wheel subtractive filter system.
(Cyan, magenta, and yellow J
The results showed that perceived color balance of a
photographic image is affected by the surrounds in which it
is viewed. The actual color balance of the image also has an
effect on how the surrounds influence perception of that color
balance .
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I. INTRODUCTION
There are many factors which could influence a person's
perception of color. His physical ability or disability
(i.e. color blindness), the lighting, his color memory, the
presence of other colors, to name a few, all could have some
effect on how a person perceives a color. Some work has been
done in the past which investigated the influence of color
surrounds on a person's perception of a color subject. Most
techniques, however, employed the use of single color or
neutral patches as the subject matter. Although valuable,
this approach has limited usefulness in the photographic color
image field where images contain many colors of many sizes
and shapes .
It would be desirable to better understand the influence
of color surrounds on how a person perceives the color balance
of a photographic color image. For example, if a person's per
ception of
"correct"
color balance was influenced by the
immediate surrounds, images could be printed or otherwise pre
pared with regards to the viewing conditions under which they
are to appear. On the other hand, image color balance could
possibly be
"corrected"
by placing an off balance image in the
proper surrounds .
The purpose of this experiment is to investigate the per
ceived color balance of a photographic color image as a function




The screen assembly consisted of a
22"x28"
white
mount board mounted approximately in the center of a 94"x
78"
white sheet. The sheet, was used to eliminate the un
comfortable effects of the cinder-block wall on the viewing
conditions and also provide a uniform background adjacent to
the immediate image-surrounds area.
2. Projectors
Image Projector. A Sawyer 550A slide projector
with"
a
DAK 120V 500 watt lamp was used as the basic projector of the
image. However, in order to prevent internal reflections
caused by converging light passing through the filter wheels,
it was necessary to separate some of the components of the
system. The main housing of the projector, containing the
fan, lamp, and first condenser, was placed on a wooden base.
The base could be raised or lowered by means of adjustable
legs and therefore eased the problem of optical alignment.
The remaining elements of the optical system were mounted on
a 50 centimeter optical bench. These elements consisted of
the second condenser, image, and final lens in that order.
The necessary baffles were also mounted on the bench to
eliminate stray light. The bench was mounted on a piece of
plywood which in turn was mounted on a camera tripod. The
initiation of the tripod into the system allowed the entire
system to be aligned more easily. Black construction paper
was used to cover the exterior optical assembly.
Surrounds Projector. A Kodak
Signet"
300 slide projector
was used as the surrounds projector. The bulb in the projec-
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tor was a Sylvania CLS bulb and, if operated under normal house
current, had a color temperature of
3150
K.
It was foreseen that a light source which operated at
2854 K would greatly reduce the problems encountered when
final selection of background filters was to be made. As a
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technicians to a standard 2854 K tungston source using an op
tical bench and a photometer system. The standard source and
the test (CLS bulbj source were kept stationary while the pho
tometer was moved to -keep the illuminance on it from both
sources equal. The color temperature of the test source was
adjusted using a rheostat and the current through the bulb
was monitored by an A. C. ammeter. Successive approximations
were carried out to determine at which current the test bulb
visually had the same color temperature as the standard bulb.
The illuminance from both sources on the photometer was kept
equal throughout the approximations. The mean value for the
three trials was found to be 2.22 amperes A. C.. This is the
current necessary to operate the CLS bulb at a color temperatur;
ox 2854 K. Operating the bulb at this reduced current lias
the additional advantage of increasing the lamp life by a
factor of twenty. The cooling fan in the projector was wired
separately from the bulb circuit so that it would not influ
ence the amount of current through the bulb and would also
operate at the normal speed.
The projector was placedon a plywood base which in turn
was bolted to the base that held the image projector. This
wooden apparatus held the two projectors in their basic posi
tions . The surrounds projector was to the rear and raised
about 4 inches above the image projector.
Rest Projector. In order to eliminate total darkness
hptvmpn image and ^nrrnimd prni ect i 0"n^ and allow the nb^ervpi"'^
eye to return to a common starting point between projections,
a third projector (Graflex 35 mm filmstrip projector with a
CAR 120V 150 Watt lamp) was added to the basic viewing system.
This Rest projector was placed to the rear and elevated above
the two other projectors. The
"no-image"
neutral projected
from this source illuminated the screen without shadowing any
of the other apparatus.
3 , Electrical
In order to make the data collection procedure as effi
cient and controlled as possible, several devices were employed
into the electrical circuits of the three projectors.
The electrical cord from the image projector was plugged
into a photo lab timer. The purpose of this timer was to en
able the technicians to note the actual amount of time it took
an observer to "correct" a certain image-surround situation.
The cord from the timer was plugged into a junction box con
taining a double-pole, double-throw (DPDT) switch.
The circuit from the light source of the surrounds pro-
jector contained an ammeter and rheostat. The ammeter was
wired in series within the circuit and the* rheostat was wired
in parallel. Both devices allowed the current to be adjusted
to the 2.22 amperes needed to operate the lamp at a color tem
perature of 2854 K. The cord from the rheostat was then plugged
into the same side of the DPDT switch as the image projector.
The cord from the rest projector was plugged into a sec
ond photo lab timer which in turn was plugged into the opposite
side of the DPDT switch as the other two projectors. The purpose
of the second timer was to enable the technicians to control
the amount of time an observer would be subject to the neutral
image .
Electrical power was supplied to the junction box con-
taining the DPDT switch from a wall outlet in the lab. As
mentioned previously, the cooling fan in the surround projec
tor was removed from the circuit containing lamp, ammeter, and
rheostat so as not to influence the amount of current through
the lamp. The fan, therefore, was operated separately from a
wall outlet in the lab.
4. Filter Wheels
A system of three separate filter wheels was designed so
that the observer could easily change the color balance of the
image. The three wheels consisted of a cyan wheel, a magenta
wheel, and a yellow wheel. Each wheel was equally incremented
in 025cc intervals from Occ to 30cc. The diameter of each
wheel was 15 inches, and each had thirteen, 2h inch diameter
circles equally spaced around its circumference. These smaller
circles served as
"windows"
in which the filters were placed.
A h inch center hole was drilled in each of the three wheels.
In order to assure that all three wheels were identical, a
template was made out of h inch plywood. Six pieces of card
board were placed between the template and a second piece of
plywood and the combination was clamped together. The clamped
assembly was cut to final form by cutting along the dimensions
on the template. The result was six identical wheels.
Sheets of Kodak cc filters were used as the filters ma
terial. These were cut to fit the 2*_ inch windows mentioned
above. The sheets were available in values of 025, 05, 10,
20, and 30cc and therefore had to be
"sandiviched"
in some cases
to obtain the desired values. The cut filters were placed
between two of the cardboard wheels, taped into position, and
the two wheels were stapled together to form the final assembly
The two remaining wheels were constructed in the same manner.
The increments on the wheels were coded from zero to
twelve in order to facilitate data collection and eliminate
7
any influence on the observer's judgement.
The three filter wheels were placed onto a 3/8 inch piece




total diameter) were used to separate the three wheels and
hold them in their desired positions on the doweling. Four
washers were used to separate each wheel and two were used on
each end.
In order to make each wheel more rigid, additional 4 inch
cardboard squares were placed on the side of each wheel. The
entire assembly was clamped to the wooden base which held the
image projector. This final position allowed each filter in
crement on each wheel to be rotated into the image light path
independently of the other two wheels. The wheels were labeled
separately according to its color.
Additional filters of 30cc cyan, 30cc magenta, and 30cc
yellow were mounted in separate cardboard holders. These fil
ters were used to extend the range of the wheels if an observer
requested to do so. If necessary they were placed in front of
the image projector housing at the point where the light emerged
Figure 2.1 shows the complete apparatus as it was used during
the experiment.
5 . Images
A portrait of a girl's face on 35mm slide material was
used as the basic image. The film was exposed and processed
under the necessary conditions to obtain a
"correct"
color








In order to allow the projected image and surrounds to
correspond correctly on the screen, the 35mm frames of the
image and surrounds had to be cropped proportionally. To ac
complish this, two thicknesses of black plastic tape were
adhered together, the tape being wider and longer than the
35mm frame. (The double thickness of black tape was to assure
a completely opaque material.) A white adhesive labeling ma
terial, the same dimensions as the black tape, was geometrically
partitioned with a pencil to the size wanted. The white ad
hesive was placed on the black tape (prepared as above) , and
a rectangular portion was cut out of the center of the adhesive
"sandwich"
with an exacto blade.
The center tape rectangle was adhered to the center of a
35mm clear plastic slide mount. This mount was placed in the
surrounds projector. The tape with the rectangle hole cut out
of it was adhered to the slide containing the image. This
slide was placed in the image projector. The surrounds pro
jector, with the aid of the mask, projected a rectangular area
with a smaller black rectangle in the center. When properly
aligned, the image from the image projector filled this small










As mentioned previously, four images were presented to






The incorrect colur balance images were obtained by placing
filters in the image projection system. The filters used were
lOc-c cyan, lOcc magenta, and lOcc yellow. They were mounted
in cardboard and placed in front of the image projector hous
ing at the point where the light emerged. A cardboard holder
was taped onto the projector housing at this point to facil
itate the filter changes. The coded values of 0, 1, 2, and 3
were used to identify the original, cyan, nvagenta, and yellow
images respectively.
6. Surrounds
Projected filters were used as the colored surrounds.
It was necessary to assure that each filter used had
approx-
im a t p i \r pninl luminous transmittance. Th^ e^e vrr,,ild perc?:17.
the brightness of the different colors similarly as a result
of the equal luminous transmittance.
The chosen colors for the surrounds were Red, Green,
and Blue. To aid in the selection of the filters the Kodak
publication B-3 "Kodak Filters for Scientific and Technical
Uses"
was used. In this publication, luminous transmittance
values are given for Illuminant A, with a color temperature
of 2854K. Filters were chosen for their high saturation(i . e .
low luminous transmittance) values. Neutral density filters
were used to adjust the luminous transmittance of the chosen
surround filters to a common value. (Higher L.T. values were
lowered by adding the N.D. filters.)
The chosen surround filters were mounted in cardboard
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and coded 1, 2, 3, for the Red, Green, and Blue surrounds
respectively. A filter holder was mounted on the front of
the surrounds projector to facilitate the surround changes.
B. Procedure
1. Observer Selection
Observers were chosen who were knowledgeable in photo
graphic color printing and who did not
have'
any color
deficiencies such as color blindness. A simple color vision
test was administered to all prospective observers. The book
let used was obtained through the courtesy of The Rochester
Institute of Technology Health Center. It was prepared by
the American Optical Company as a simple test for color defi
ciencies .
The test was graciously accepted by the observers. It
was given to them independently and took an average of five
minutes for each observer. One of the chosen observers was
found to be deficient in one area and therefore was disqualified
The final list of observers consisted of 3 fourth year
students in photographic science, 1 fourth year student in
professional photography and an instructor of color printing.
The ages ranged from 21 through 25.
2. Data Collection
Each observer was given an instruction and information
sheet prior to his participation, in the experiment. He also
was allowed to familiarize himself with the operation of the
12
filter wheels. The observer was asked to sit in a chair which
was placed on the right side of the image projection system.
He was approximately five feet from the screen and he viewed
ii o
the image at approximately eye level from a 20 25 angle
measured from the perpendicular of the image beam and the screen
In order to make the observers participation time as short
as possible, an observer response data sheet was prepared in
advance for each observer. This sheet contained a place to
record the observer's name, age, and total test time. A ran
dom selected sequence for presentation of the several
image-surround combinations was also listed on each observer
response sheet.
The lab lights were shut off and the rest projector was
turned on for 30 seconds. The observer was asked to try to
keep his eye on the screen. At the end of the 30 second in
terval, the first image-surround combination was turned on
simultaneously using the DPDT switch on the junction box.
The corresponding photo lab timer, which was set for five
minutes, was also activated
simultaneously. The observer was
asked not to make any correction with the xvheels until at least
30 seconds had passed and was notified by the technician when
this time had passed. The observer manipulated the desired
filter wheels until he obtained a color balance which he con
sidered most pleasing. He then notified the technicians who
in turn switched off the combination and switched on the rest
projector. If the observer used up the entire five minutes
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alloted for each image-surround combination, the image wa?
automatically switched off by the clock and the rest projector
was turned on manually. This procedure was to prevent observer
eye fatigue caused by studying one image -surround combination
excessively. The observer was not told of the five minute max
imum alloted time for each combination in order to prevent his
feeling hurried. The combination would be presented again af
ter completion of all the other combinations. (Note: In this
experiment, the alloted time was never exceeded.)
Upon notification from the observer that the most pleasing
color balance had been obtained, the technician switched off
the combination and switched on the neutral. The clock in the
circuit containing the neutral was started at this time. During
this 50 second interval, the technician recorded the coded
data, reset the filter wheels to the zero position, set the
timer in the image projector circuit back to five minutes,
and placed the filters which made up the next image -surround
combination in their corresponding projector system. At the end
of the 30 second rest period, the new image -surround combination
was projected and the procedure repeated.
At the completion of all twelve combinations and any that
needed to be repeated, (i.e. combinations where the observers
had originally used the
entire five minutes alloted) the lights
were turned on in the lab and the total time for the data col
lection was recorded. The observer was asked at this point on
what part or parts of the
image had he based his decisions of
color balance on. The answer was recorded.
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The comments and reactions of each observer during his parti
cipation were also noted on the corresponding response sheet.
It was necessary to ask the observers to return for ad
ditional data collection. Only four of the five could return
and they were each presented with six of the twelve image-surround
combinations. The combinations were again selected at random.
The procedure was identical to that of the initial data col
lection except for the number of combinations presented.
3. Data Analysis
For ease of handling the data for evaluation, the responses
were separated by image (0, 1, 2, 3) and related to the three
different surrounds; all the observers and all the responses
in terms of cyan, magenta, and yellow appeared on one sheet for
each image.
Trilinear graph paper was partitioned using a cyan axis,
a magenta axis, and a yellow axis. The total cyan response
for all the observers pertaining to a certain image -surround
combination was plotted as a vector on this graph paper. Sim
ilarly, the total magenta and yellow responses for the same
combination were plotted on the same graph. The resultant of
these three vectors constituted the overall total observer re
sponse for that treatment combination. The angle between the
resultant vector and a chosen reference line was used as the
response variable for that treatment combination. It was ob
vious from observing the graphs that the magnitudes of the
vectors were not well replicated, (i.e. a large variation in
15
length existed between the original and replicated data) and
therefore these were not used as response variables. Additional
angles for the eleven remaining combinations were determined
in the same manner as above.
Partial replication was acheplyed by plotting resultant
vectors using a combination of replicated data wherever possible
and original data where there was no replication. The angle
obtained between this new vector and the referpeVe line was
used as the replicated response for that image -surround com
bination .
A table was prepared consisting of all the treatment
combinations (3
surrounds"
x 4 images = 12 treatment combinations)
and their corresponding response angles in radians. (See Table
2 i ) p pn ] j
<~
p t p cl xe t. on s e a! r>. t p w p c included
An analysis of variance (ANOVA) was performed on the data.
(Note: For an explanation of the ANOVA construction utilized
here see Statistics: An Introduction by Albert D. Rickmers and
Hollis N. Todd, Chapter 8.)
TABLE 2.1
Response Data for the Treatment Combinations
Ti-



































T- j 14.08 13.19 19.04 16.37
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III. RESULTS
Tables 3.1 and 3.2 represent the original data collected
for the cyan image (original image plus lOcc cyan filtration)
and the magenta image (original image plus lOcc magenta fil
tration) respectively.
TABLE 3'. 1
Observer Response for the Cyan Image
Observer
12 3 **5 Total
cyan 0 0 0 10 5 15.0
RFD
magenta 10 7=5 0 0 0 17.5
yellow 10 5 0 0 0 15.0
cyan 15 0 0 22.5 0 37.5





The numbers in the above table (Table 3.1) represent
color correction (cc) values.
0 5 30 0 45.0
0 0 5 0 5.0
0 0 0 0 10.0
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TABLE 3.2
Observer Response for the Magenta Image
Ob server























































The numbers in the above table (Table 3-2) represent
color correction values. The data contained in Table 3.1
and f^hlp ?.? Is a csmnlp nf thp tote"1 . "'tn rn] lpff.pH Hiiflnrp
the experiment. Figures 3.1 and 3.2 contain graphs represent
ing this data.
Table 3.3 represents the results of the analysis of
variance performed on the data. All factors ( surrounds,
images, and the interaction) were tested for significance
using a level of 0.05.
TABLE 3-3
Analysis of Variance Table
Source SS MS Ratio (MS/E) Significance
Surrounds .96 2 .48 9.23 yes
Images 2.23 3 .74 14.23 yes
Interaction 2.20 6 .37 7.12 yes
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Fig. 3.1 Graph for Cyan Image
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(Original + lOcc Magenta Filter)
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'Fig. 3.2 Graph for Magenta Image
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IV. CONCLUSION
The results of this experiment indicate that the color
of the surrounds has an effect on the color balance perception
of a photographic image. There^ exists an interaction between
the actual color balance of the image and the. surrounds which
influences the perception of color balance. Future work may
be in the investigation of this interaction. Also work could
be done which might result in determining the functional re
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